The antioxidant potential of Actinidia macrosperma C. F. Liang (Actinidiaceae) was investigated in vitro for total phenolic content, along with total antioxidant activity (TAA), 1,1-diphenyl 2-picryl hydrazyl (DPPH), and lipid peroxidation (LP). The results indicated that different polarity extracts of A. macrosperma exhibit different biological activities, which depends mainly on the presence of phenolic compounds. The antioxidant activity was in the following decreasing order: MeOH extract > EtOAc extract > aqueous extract > CHCl 3 extract > Hexane extract. Moreover, the cytotoxic activity of this plant by MTT dye assay using SMMC-7721 has been determined also. The hexane, EtOAc, and CHCl 3 extracts showed cytotoxicity in a dose-dependent manner. Methanol and aqueous extracts, however, showed weak activities in this test. And a very significant cytotoxic activity, not significantly different from the positive control of quercetin, was observed in CHCl 3 extract.
Introduction
Free radicals and other reactive oxygen species (ROS) are mostly considered to be associated with pathogenesis and be responsible for the initiation or/and development of many diseases such as atherosclerosis, inflammation, cancer, hypertension, ischemia-reperfusion, autoimmune diseases, aging and age-related diseases [1] [2] [3] [4] . Antioxidants may have an important role in preventing or alleviating chronic diseases by reducing the oxidative damage to cellular components caused by free radicals and ROS [5] . Although synthetic antioxidants were often used to protect against free radicals by scavenging reactive oxygen or ending radical chain reactions [6, 7] , some such as tert-butyl hydroxyanisole (BHA) and tert-butyl hydroxytoluene (BHT) have been shown to have toxic and carcinogenic effects on human health [8] [9] [10] . Powerful endogenous antioxidant defences are thought to be augmented by dietary antioxidants, and so much of the protective effect of fruits and vegetables has been attributed to their high content of antioxidants [11] . A number of reports on the isolation and testing of plant-derived antioxidants in the maintenance and improvement of health and wellness have been described during the past decade. Hence, investigations of antioxidants are now focused on natural antioxidative compounds, which constitute a broad range of substances including phenolic or nitrogen-containing compounds and carotenoids [12] [13] [14] . In spite of large structure diversity, these compounds all share the same chemical pattern-one or more phenolic groups, for which they react as hydrogen donors in absorbing and neutralizing free radicals, quenching singlet and triplet oxygens, or decomposing peroxides [15] . Therefore, the substitution of synthetic antioxidants by natural ones and the screening of plant species for identifying new antioxidants in the maintenance and improvement of health and wellness become critically important in recent years.
Actinidia macrosperma (shown as Figure 1 ), a naturally wild kiwi and endemic to eastern China, is popularly called "Cat Ginseng" because of the function attracting cats to use the plant as a stimulant and a healer for wounds [16] . It is a midsized deciduous, scandent shrub producing white flowers in spring (April-May) and orange fruits in late September and grows wildly in hillsides below 800 m above sea level, at piedmont, and moist margins of forest or along brook [17] . The roots and stems of the plant have been extensively employed to treat various ailments like leprosy, abscess, rheumatism, arthritis inflammation, jaundice, and abnormal leucorrhea [18] and were also useful for the treatment of cancers, especially those of lung, liver, and digestive system [16, 19] .
Several clinical trials on patients receiving chemotherapy or radiotherapy have found that A. macrosperma significantly improved appetite, alleviated weakness, increased weight, and stabilized white blood cell counts, NK cells, IL-2, and CD4/CD8 ratio [20] . Others have shown it could improve the quality of life of the subjects by enhancing physical function and healthy transition (respondents' amount of change in their health in general over a 1-year period) without any adverse side effects in the patients with cancers of gastric, esophageal, liver, and lung [18] . The injection isolated from this plant had in vitro antitumor efficacy to three liver cancer cell lines (H 22 , CBRH-7919, and SMMC-7721) [21] . Its active fraction also showed the activity against the transplanted H22 in mouse by use of influencing cell cycle (arrest at G0-G1 phase and decrease at S phase) and inducing apoptosis [22] . However, information regarding its active components and biological activities remains unclear so far.
In recent years, we have conducted a series of research projects focusing on A. macrosperma [23] [24] [25] [26] [27] , which was traditionally used in China folk medicine and commercially sold as natural remedy. The objectives of this paper were to investigate its antioxidant potential in vitro and to determine its cytotoxic activity in human hepatoma (SMMC-7721) cells. Because the current botanical products used unextracted material, different extraction methods were used as a means of improving activity. It would be also of interest to find whether there was any correlation between phenolic contents and activities (antitumor and antioxidant). It should complement to previously known therapeutic value and improve the popularization of this somehow overlooked common herb species.
Subjects and Methods
In the present study, four different assays, total phenolic content, DPPH, FRAP, and TAB were used in vitro to evaluate the antioxidant activity of A. macrosperma extracts comparing to that of the known antioxidants, based on the reaction of specific reagent of each method with electron donating or hydrogen radical (H • ) producing antioxidant compounds.
Moreover, cytotoxicity by MTT-dye assay using SMMC-7721 (human hepatoma cell lines) with IC 50 (50% inhibitory concentration) were determined also. • C in a Soxhlet apparatus until the refluxed solvent became colorless. The extracts were separately evaporated to dryness at 40∼50
• C in a rotary vacuum evaporator. The yields were 2.9%, 3.6%, and 2.4% (w/w), respectively. A hot water extract was prepared by boiling 100 g of the powdered material in 1000 mL distilled water for 15 min with continuous stirring and filtering through muslin to remove all solids. The filtrate was then evaporated under reduced pressure and lyophilized. The yield of the aqueous extract was 24.7% with reference to dry starting material. For preparation of the chloroform (CHCl 3 ) extract, the sample (200 g) was soaked in chloroform (2000 mL) at room temperature for 7 days. The extract was evaporated to dryness as described above to give a 1.9% yield. All extracts were stored at −20 • C until use. Five minutes later, 800 µL of Na 2 CO 3 (7.5%) solution was added to the mixture. The mixture was shaken for 2 h at room temperature, and absorbance was measured at 765 nm. The concentrations of total phenolic compounds in each extract were expressed as gallic acid equivalents in milligrams per gram extract by reference to the gallic acid standard calibration curve.
Determination of Antioxidative

DPPH Radical Assay.
Free radical scavenging activitiy of the extracts on the stable radical DPPH (1,1-diphenyl-2-picryl-hydrazil) was estimated by the method of BrandWilliams et al. [28] . 0.75 mL of a methanol solution of each extract at different aliquot concentrations was mixed with 1.5 mL of DPPH methanol solution (0.5 mM). Mixtures were vigorously shaken and left 30 min in the dark at room temperature. The absorbance was then measured at 517 nm. BHT and gallic acid were used as positive references while methanol was used as negative one. Inhibition of DPPH radical was calculated as follows: [29] . FRAP reagent was freshly prepared by mixing 1 mL sodium phosphate buffer (0.2M, pH 6.6) and 1.0 mL 1% potassium ferricyanide (K 3 Fe(CN) 6 ). 150 µL of each sample (1.0 mg/mL) dissolved in methanol was added in 4.5 mL of FRAP reagent, stirred, and incubated at 50
• C for 20 min. Afterwards, 1.0 mL 10% trichloroacetic acid was needed, followed by centrifugating at 3000 rpm for 10 min. Finally, the supernatant solution (2.5 mL) was mixed with 2.5 mL of distilled water and 0.5 mL of 0.1% FeCl 3 , and the absorbance was measured at 700 nm. Higher absorbance of the reaction mixture indicated greater reducing power. Calibration curve of ferrous sulfate (100-1000 mmol/L) was used, and the results were expressed in µmol Fe 2+ /mg dry weight extract. The relative activity of the samples was compared to butylated hydroxytoluene (BHT) and gallic acid.
Thiobarbituric Acid (TBA) Assay.
The method of Ottolenghi was used to determine the TBA (thiobarbituric acid) values of the samples [30] . The formation of malonaldehyde, a secondary breakdown product of lipid hydroperoxides, is the basis for the well-known TBA method used for evaluating the extent of lipid peroxidation (LP), which is the process that involves the chain reaction of free radicals with polyunsaturated fatty acids. In this study, the extracts in concentrations of 100 µg/mL were mixed with 300 µL TrisHCl buffer, pH 7.5, 500 µL of 20 mM linoleic acid, and 100 µL of 4 mM FeSO 4 . The peroxidation was started with addition of 100 µL 5 mM ascorbic acid. The reaction mixture was incubated for 1 h at 37
• C. Then, 2 mL of 20% trichloroacetic acid (CCl 3 COOH) and 2 mL TBA aqueous solution were added to 1 mL of sample solution prepared in different concentrations, incubated in a similar manner. The mixture was then heated in a boiling water bath for 10 min. After cooling on ice, it was centrifuged at 3000 rpm for 20 min and the absorbance of the supernatant was measured at 532 nm. Inhibition of LP was calculated the same way as described in DPPH radical assay. And the same controls mentioned above were used. • C under 5% CO 2 atmosphere in RPMI 1640 medium, supplemented with 10% fetal calf serum, 100 U/mL penicillin, and 100 µg/mL streptomycin. For experiments, cells were plated in 96-well plates (at a density of 5 × 10 4 cells/mL). After 24 h incubation to allow cell attachment, the cells were treated with fresh medium containing different concentrations of extracts of A. macrosperma dissolved in DMSO (1%) and incubated for 48 h under the same conditions. Control groups received the same amount of DMSO. Quercetin was used as a positive control.
Determination of Cytotoxic
MTT Bioassay.
The MTT colorimetric assay, which is based on the reduction of MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide] by mitochondrial dehydrogenase to a purple formazan product, was used to assess the antiproliferative action of A. macrosperma extracts in human hepatoma SMMC-7721 cells. At the end of 48 h incubation, the medium in each well was added by 10 µL MTT solution (0.5 mg/mL in PBS) and incubated for another 4 h. The supernatant was then removed and replaced with 200 µL of DMSO to dissolve the resulting MTT formazan crystals, followed by mixing and measuring the absorbance using a microplate spectrophotometer (Bio-Rad, Model 550, USA) at 590 nm. The effect was quantified as the percentage of control absorbance of reduced dye as follows:
where A test , A blank , and A control were the absorbance of the test sample, blank, and control, respectively. Before treating a specific cell line, the range of linearity for the MTT assay (extinction versus cell number) was defined. In the experiment, 6 wells were used for each concentration. Each experiment was repeated two to three times. IC 50 (50% inhibitory concentration) were determined by nonlinear regression analysis using Prism 5.0 software.
Statistical Analysis.
All the analyses were carried out in triplicate, and the results were expressed as the mean ± SEM. Statistical analyses were performed by t-test or ANOVA, The difference was considered significant if P < 0.05.
Results
Amount of Total Phenolic Content.
It has been reported that the antioxidant activity of plant materials was well correlated with the content of their phenolic compounds [31] . The total phenolic amount in the hexane, ethyl acetate, methanol, aqueous, and chloroform extracts of A. macrosperma stems was shown in Table 1 . All extracts contained a considerable amount of phenolic metabolites from 5.11 mg/g to 114.10 mg/g (gallic acid equivalent). The highest was the MeOH extract, followed by the EtOAc, aqueous, CHCl 3 , and hexane extracts in the decreasing order. The Folin-Ciocalteu procedure is nonspecific because it detects all phenolics (phenolic acids, flavonoids, and tannins) [32] , so it does not give details of the quantity and quality of the phenolic constituents of the extracts. Nevertheless, this widely used method provides a rapid and useful overall evaluation of the phenolic content of extracts. 
DPPH Radical Scavenging Activity.
The free radical scavenging activity of A. macrosperma growing in China was determined using a stable DPPH free radical. The DPPH test intends to measure the hydrogen atom or electron donor capacity of the extracts to the stable radical DPPH formed in solution [33] . The DPPH reagent evidently offered a convenient and accurate method for measuring the capacity of the extract to scavenge free radicals in solution. The DPPH radical scavenging activities of the known antioxidative substances (BHT and gallic acid) and the extracts studied in this paper were shown in Table 2 .
In DPPH assay, dose-dependent inhibition was evaluated in all extracts. Concentrations at which extracts decrease DPPH radical by 50% (IC 50 values) were 1091.00 µg/mL, 52.90 µg/mL, 40.66 µg/mL, 264.00 µg/mL, and 621.40 µg/mL for hexane, EtOAc, MeOH, aqueous, and CHCl 3 extracts, respectively. IC 50 values for BHT and gallic acid, used as standards, were 44.07 and 4.62 µg/mL. The result showed the EtOAc and MeOH extract of A. macrosperma possessed significant DPPH radical scavenging activity as evidenced by low IC 50 values, similar to that of BHT, but lower than that of gallic acid. Moreover, no significant difference was observed among EtOAc and MeOH extract. By contrast, the inhibition of aqueous and CHCl 3 extracts was more slight. On the other hand, more than 1000 µg/mL of hexane extract was necessary to achieve the same results. Table 2 . The reducing powers of all extracts, BHT and gallic acid increased with the concentration. The reducing power of MeOH extract was more pronounced than those of other extracts, and it was similar to that of BHT. The EtOAc, aqueous, and CHCl 3 extracts showed similar appreciable activity (P > 0.05), but the hexane did slightly. All extracts had TAA lower than gallic acid used as standard (7. 85 µmol Fe 2+ /mg). The reducing power of a compound was related to its electron transfer ability and may, therefore, serve as an indicator of its potential antioxidant activity [34] . Moreover, extracts with phenolic substance-mediated antioxidant activity were shown to be concomitant with the development of reducing power [35] , thus, the MeOH extract contained higher amounts of reducing compounds which were electron donors and could react with free radicals and convert them to more stable products and terminate radical chain reaction [36] .
Reducing Power. FRAP values for investigated extracts are shown in
Inhibition of Lipid Peroxidation (LP).
In TBA method, malonaldehyde binds TBA to form a red complex that can be measured at 532 nm. The increase of the amount of red pigment formed correlates with the oxidative rancidity of the lipid. The A. macrosperma extracts had an inhibition of LP in a similar, concentration-dependent manner, which lowered the degree of LP induced by hydroxyl radical generated by an iron/ascorbate system. IC 50 values were given in Table 2 . Based on the results, the inhibition was highest in gallic acid and BHT with IC 50 of 0.89 µg/mL and 20.81 µg/mL, respectively, followed by MeOH (24.83 µg/mL), EtOAc (29.45 µg/mL), CHCl 3 (48.67 µg/mL), and aqueous (61.32 µg/mL) extract, while hexane extract did not reach 50% of LP inhibition even at the highest concentration.
3.5. Cytotoxic Activity. In Table 3 , the hexane, EtOAc, and CHCl 3 extracts of A. macrosperma showed cytotoxicity against human hepatoma SMMC-7721 tumor cell lines (IC 50 < 100 µg/mL) with a dose-dependent manner. Methanol and aqueous extracts, however, showed weak activities (IC 50 > 180 µg/mL) in this test. Thereinto, a very significant cytotoxic activity, not significantly different from the positive control of quercetin (P > 0.05), was observed in CHCl 3 extract (IC 50 = 50.97 µg/mL). Since the plant was extracted successively with hexane, EtOAc, and MeOH, a slight cytotoxic activity of the ethyl acetate extract indicated that the cytotoxic compound in the hexane extract differed from that in the methanol extract.
Discussion
Safety is an essential consideration for antioxidants as they may be utilized in the manufacture of foods and pharmaceuticals. Interest in the search for new natural antioxidants has grown dramatically over the past years. Actinidia species have been investigated particularly as a source of natural antioxidants [37, 38] . They are good sources of several vitamins and minerals and dietary fibre, and contain a number of phytochemicals. These beneficial phytochemicals often have antioxidant effects, assumed to be involved in scavenging excess free radicals that arise not only as a result of stress and disease but also as a part of normal metabolic processes [39] . The results obtained in this work are noteworthy, not only with respect to the antioxidant and anticancer activity of A. macrosperma extracts, but also with respect to the confirmation of high correlations between total phenolics content and the antioxidant activity.
In view of the differences among the test systems available, the results of a single assay can give only a suggestion on the protective potential of phytochemicals. Therefore, the use of more than one method is highly advisable. Among the methods that can be used for the evaluation of the antioxidant activity, few of them (TEAC, DPPH, PCL, ORAC) are useful to determine the activity of both hydrophilic and lipophilic species, thus ensuring a better comparison of the results [40] . This study indicated that different polarity extracts of A. macrosperma exhibit different biological activities, which depends mainly on the presence of phenolic compounds. The antioxidant activity was in the following decreasing order: Gallic acid > MeOH extract > BHT > EtOAc extract > aqueous extract > CHCl 3 extract > Hexane extract. Plants phenolic compounds constitute one of the major groups of compounds acting as primary antioxidants and free radical terminators by donating hydrogen from the phenolic hydroxyl groups [41] . In this experiment, MeOH and EtOAc extracts had the highest polyphenols content (114.10 and 70.46 mg gallic acid equivalent/g), as well as the highest antioxidant activities (Table 2) . Hexane extract had the least polyphenols (5.11 mg gallic acid equivalent/g) and had minimum of antioxidant activities ( Table 2 ). All extracts had antioxidant activities lower than gallic acid used as standard. But except in TBA test, no significant difference was found between the total antioxidant activity of MeOH extract compared with BHT (another standard) in both methods. Therefore, antioxidant activity which showed up in this assay was generally associated with more polar constituents such as phenolics. Content of total phenolics was correlated with the result of DPPH radical assay and the results obtained in the FRAP and TBA assay. The presence of phenolic compounds in the extracts might be responsible for the antioxidant activity found in the present study, due to their redox properties of absorbing and neutralizing free radicals, quenching singlet and triplet oxygens, or decomposing peroxides [15] . This result was in agreement with findings of prior studies carried out on other different herbal extracts [42, 43] . However, in the evaluation of cytotoxic activity, methoxyl substitutions were responsible for the cytotoxic activity in hexane, EtOAc, and CHCl 3 extracts. This indicated that there was no relationship between antitumor and antioxidant activities.
The high antioxidant potential of A. macrosperma can broaden their therapeutic applications towards the prevention of degenerative and neoplastic diseases of various organs. Human cells are constantly exposed to reactive oxygen radicals generated by a number of biotic and abiotic factors such as irradiation, atmospheric and food pollutants or byproducts of metabolic processes. When the exposure overwhelms endogenous preventive systems, cells are exposed to a potentially harmful load of oxidants, leading to various free-radical-induced noxious effects. These include, among others, oxidation of nucleic acids, proteins, lipids, and carbohydrates, which may subsequently determine mutagenesis and diseases related to DNA damage [44] . Thus, the medicinal claims of this plant being used in the treatment of liver disorders, tumours, and abscess may be in part due to the antioxidant activity. This hypothesis requires wider and detailed studies for its potential importance for the more directed search of new natural sources of powerful antioxidants for therapeutic use. Further activity-guided isolation and characterization of antioxidant or antitumor compounds and in vivo antioxidant or antitumor studies are still in progress.
